ABSTRACT: Selected hydrolytic enzymes are added t o animal feeds in order to degrade specific antinutritional factors and(or1 to increase availability of certain components of feedstuffs to the animal. A method is described that allows detection and quantification of P-glucanase activity in complex feedstuffs. The method is based on radial diffusion of a n enzymecontaining feed extract through an agar gel in which lichenan substrate ( a relatively inexpensive glucan of mixed 61-4 and P 1 4 3 linkages) has been dissolved.
Introduction
Early studies indicated that the inclusion of supplemental proteases, a-amylases, 0-glucanases, and mixed enzymes may positively influence animal growth (Merstad and McNab, 1975; Moss et al., 1977;  Petersson and Aman, 1989) . Water-soluble, viscous pglucans (glucans of mixed 01+4 and 01-3 linkages) in barley and other feedstuffs can have deleterious effects on a variety of livestock, especially poultry (Walsh et al., 1993) . The specific inclusion of Pglucanase supplement in poultry diets containing barley and oats has since been conclusively demonstrated to improve performance (Elwinger and Saterby, 1987) . Thus far, no generally acceptable method that facilitates detection and quantification of supplemental enzyme activity in animal feed at commercial inclusion levels has been reported. ' To whom correspondence should be addressed. J. h i m . Sci. 1995 Sci. . 73:1074 Sci. -1076 Radial diffusion of enzyme from a well through a substrate-containing gel results in degradation of the substrate and can be used to detect and quantify selected enzyme activities (Dingle et al., 1953) . Congo red interacts strongly with polysaccharides containing contiguous p( 1 +4 1 linked D-glucopyranosyl residues, thus providing a basis for assay of enzyme activities such as cellulases and 0-glucanases (Wood, 1981) . Staining with congo red produces unstained circular zones around the wells in which enzymatic activity has degraded the substrate in this region sufflciently to destroy its dye affinity. This contrasts strongly with the purple background of undigested substrate. A linear relationship between zone diameter and the log of the concentration of enzyme applied was reported (Carder, 1986) . The current study investigates the potential of radial enzyme diffusion with regard to detection and quantification of supplemental 0-glucanase activity in animal feed. A 5-g sample of the ground feedstuff was then added to 200 mL of the above sodium acetate buffer, and the mixture was shaken (orbital shaker, 300 rpm, at 30°C) for 1 h. The extract was clarified by centrifugation (5,000 x g, 10 min) and the extract, or a dilution thereof, was then applied to the agar lichenan plates, as described below. Separate 5-g lots of blank feed (sample of same feed before addition of the enzyme) were extracted in a similar fashion but in volumes ranging between 20 to 200 mL. Such higher extract concentrations were used so that the low level of enzyme activity present would fall within the applicable range of the standard curve.
Materials and Methods

Materials
Preparation of Standards. A sample of the undiluted commercial P-glucanase was diluted in the sodium acetate buffer to yield a range of final concentrations of 0 to 25 mg/L.
Enzyme Assay and Color Development. Aliquots (200 pL) of the standards, at least one control (buffer) and extracts of blank and supplemented feeds were added t o wells on the same plate. Plates were incubated at 50°C for 15 h and, after cooling to room temperature, were stained with 3 g/L of congo red for 30 min. After removal of residual dye by rinsing the agar surface thoroughly with water, the stain was fixed by flooding the plate with dilute acetic acid ( 1 :9 voVvol with water) for 15 min. The diameters of the zones of substrate hydrolysis were measured at several orientations using Vernier calipers.
Results and Discussion
Linearity of Response. The commercial P-glucanase was diluted in sodium acetate buffer to yield a range of activities that were then assayed by the plate method ( Figure la) . As is evident from Figure lb observed at enzyme activity levels higher than 2.5 nmol.min-l.mL-l. Note that at activities higher than 200 nmol-min-l.mL-l, the rate of increase of zone diameter, as enzyme concentration increases, dissipates (Figure l a ) , reducing precision and increasing scatter of the standard curve (Figure lb) .
Commercial enzyme supplements are generally added at between .25 and 1.0 kg/t and their activity in 25-& feed equivalent extracts normally falls well within the valid and precise range of such standard curves.
Assay of Commercially Produced Enzyme-Containing Feed. Endogenous activity in the control feed was measured as .0769 k .001 mg of P-glucanase supplement equivalent per gram of feed, as averaged from four, five, four, and two individual measurements taken 1,3,8, and 12 d after milling of the feed ( Figure  2 ). Supplemented feed was found to have a total activity of 1.17 f .03 mg of P-glucanase supplement equivalent per gram of feed, as determined by six and four individual measurements taken on d 8 and 12, respectively (Figure 2 ) . Thus by subtraction, the recovered activity of the supplement was found to be inclusion levels. The detection method we describe allows more sensitive quantification of background and(or) supplemental P-glucanases at inclusions as low as .05 kg/t (Figure 1 ) . The application of the method is also not limited by high background levels of reducing sugars, as found in complex feedstuffs.
The availability of a feed sample before addition of supplemental enzymes enables determination of background levels of endogenous activity and hence net supplementation levels. Under normal industrial circumstances, procurement of feed samples before the addition of supplemental enzyme may be impractical. In such cases, the level of activity recorded will thus represent the sum of background and supplemental activity. The method itself is technically straightforward and requires no sophisticated equipment.
Implications
Figure 2. Photographic representation of the agar plate diffusion method for the determination of Pglucanase. Well contents are as follows: Wells 1 to 6: O, 3.13, 6.25, 12.5, 18.8, and 25 .0 mg/L, respectively, of the undiluted enzyme supplement. Wells 7 and 8; 100 and 250 g/L, respectively, of extract of unsupplemented, blank feed. Wells 9 and 10; 12.5 and 6.3 g/L, respectively, of extracts of feed containing 1 kg/t of Pglucanase supplement. The extracts in wells 9 and 10, therefore, contain 12.5 and 6.3 mg/L of the equivalent of the P-glucanase supplement.
1.09 k .04 mg of P-glucanase supplement equivalent per gram of feed. This slight excess is probably due to excess inclusion of P-glucanase at the mill, although incomplete mixing or synergism with endogenous enzymes cannot be discounted. The precision of individual activity measurements of this supplemented feed was found to be * 11.3% ( SDI. The supplemental 6-glucanase activity in feed was found to be stable for at least 8 mo when stored at room temperature.
Although the effects of feed, mineral supplements, and processing conditions on enzyme supplements have been studied before (Yu and Tsen, 19931 , such orthodox measurement systems, based on reducing sugar release, necessitate artificially high enzyme supplementation. Thus, the results obtained are not necessarily representative of the interaction of enzymes with feed, particularly inhibitors such as mineral premixes (Yu and Tsen, 1993) , at realistic
The method described allows detection and quantification of 0-glucanase activity in feed. It is of direct relevance to enzyme producers, feed manufacturers, users, and regulatory authorities. It will also facilitate accurate determination of the effects on P-glucanase of processes such as pelleting that are potentially detrimental to enzyme activity.
